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groups, each of them with 15 patients, after different surgi-
cal repair procedures (microfracture therapy (MFX) and matrix-
associated autologous chondrocyte transplantation (MACT))
were enrolled in this study. Ethical approval for this study was
provided by the Medical University.
MR imaging was performed on a 3 T MR scanner.The protocol
for the groups was identical and consisted of a multi-echo spin-
echo (SE) sequence using 6 echoes for the standard T2 mapping
and a GRE sequence using 6 echoes for assessment of the T2
Star maps. T2 and T2 star maps were obtained using a pixel
wise, mono-exponential non negative least squares (NNLS) ﬁt
analysis. Regions of interest analysis for both T2 methods was
evaluated and statistically analyzed.
Figure 1. The T2 star and T2 maps are shown for a representative patient after
MFX along with the corresponding morphological images. The arrows denote
the micro-fracture region.
Results: As control values healthy appearing cartilage could
be assessed in all three groups and a strong and signiﬁcant
correlation between T2 and T2 star relaxation with a Pearson
coefﬁcient of 0.800 could be shown (p<0.001).
In the patient group after MFX lower T2 and T2 star values
could be assesed (p<0.05), whereas after MACT T2 and T2
star values showed no change (p≥0.05). Again a strong and
signiﬁcant correlation was found between T2 and T2 star.
Furthermore spatial resolution was high enough for T2 and T2
star to assess zonal variation within healthy/control cartilage and
cartilage repair tissue.
Conclusions: The use of T2 star allows maps to be created in
clinically acceptable time frames and with resolutions that allow a
detailed analysis of the cartilage. It is this detailed analysis which
reveals most strikingly the differences between different cartilage
repair techniques. However T2 star relaxation times were shorter
than T2, there was a high correlation in healthy cartilage and
cartilage repair tissue indicating both techniques can visualize
the same.
Following the ﬁnal advantage of the T2-star method is that
it is somewhat faster than the T2 method allowing a greater
spatial resolution to be measured. In conclusion the preliminary
results for our study show the possible value of T2 star as
an alternative for T2 measuremnt for assessment of different
cartilage composure.
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Purpose: Joint space width (JSW), age, and clinical symptoms
are typically used to select study populations in clinical os-
teoarthritis (OA) trials. These criteria are essential for deﬁning a
population at the proper stage of OA that a potential treatment is
targeting. A poor choice of selection criteria can cause a clinical
study to fail - irrespective of the actual treatment effect.
Recently, much research has been focused on ﬁnding MRI-
based markers that are more sensitive to OA related changes
than JSW. The aim of this study was to investigate whether
combinations of multiple imaging-based cartilage markers can
provide an aggregate diagnostic marker that is superior to both
JSW and individual MRI markers.
Methods: The diagnostics markers were evaluated on a cross-
sectional study including 159 subjects (age 21 to 81 years with
mean 56, BMI 19 to 38 with mean 26, and 48% female). From
these, 288 left and right knees were used for evaluation and 25
knees were used for training of the fully automatic computer-
based framework.
The medial tibio-femoral compartments were quantiﬁed as fol-
lows. For each knee, radiographs were acquired in a load-
bearing semi-ﬂexed position (using the SynaFlex) and Kellgren &
Lawrence score (KL) and JSW were determined by a radiologist.
MRI scans were acquired using a 0.18T Esaote scanner (40° FA,
TR 50 ms, TE 16 ms, scan time 10 min, resolution 0.7 x 0.7 x 0.8
mm3). From each MRI, the automatic framework quantiﬁed tibial
and femoral volume, surface area, and homogeneity (a measure
of structural integrity); and tibial thickness, surface smoothness,
and congruity (a measure of the 3D surface curvature). All mor-
phometric measures were normalized by the tibial plateau width.
The aggregate markers were constructed by linear discriminant
analysis (LDA) and evaluated in terms of p-value, sample size
(n), and area under the ROC (AUC) for separation of the groups
of healthy (KL 0) and OA (KL > 0) knees. P-values were esti-
mated by MANOVA; n and AUC by repeated random sampling of
disjoint training and test sets in order to avoid over-ﬁtting in the
LDA.
Results: AUC and n are listed in the table. For each MRI marker,
only the compartment offering best separation is listed.




Volume (MF.VC) 82 0.65
Area (MT.AC) 106 0.63
Thickness (MT.ThCtAB) 100 0.64
Smoothness (MT.SmoC) 84 0.64
Congruity (MT.ConC) 69 0.69
Homogeneity (MT.HomC) 79 0.68
Aggregate: All MRI markers 46 0.73
Aggregate: Volume (MF.VC),
Congruity (MT.ConC), Homogeneity (MT.HomC) 41 0.74
In addition, BMI and age allowed separation (p<<0.0001)
whereas sex did not.
The ﬁgure below illustrates that compared to JSW, the MRI-
based markers had less within-class variation - particularly so
for the aggregate marker combined volume, homogeneity, and
congruity.
Conclusions: The traditional JSW marker contributes directly to
KL and the diagnostic ability was therefore expected. Even so,
several MRI-based markers offered comparable or better perfor-
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mence than JSW. In addition, the results demonstrated that the
fully automatic MRI-based biomarker framework allowed even
better performance through combination of the markers. Specif-
ically, the aggregate marker combining volume, congruity, and
homogenity required less than half the sample size compared to
JSW and AUC of 0.74 compared to 0.66. The resulting aggre-
gate marker is 0.67*Congruity+0.61*Homogeneity+0.42*Volume
(where markers are rescaled to standard deviation 1 to allow
direct comparison of weights).
The study demonstrated the potential of a comprehensive MRI-
based biomarker framework. Since manual measurements of a
full set of 3D markers would be very time-comsuming (if even
feasible), this also implicitly suggested that automatic methods
may be preferable - in particular for large, multi-center studies.
315
ABNORMAL ANKLE SCINTIGRAPHY IN A COHORT WITH
KNEE OSTEOARTHRTIS
G.E. McDaniel, T.W. Worrell, R.E. Coleman, C.F. Pieper,
V.B. Kraus
Duke University Medical Center, Durham, NC
Purpose: Ankle osteoarthritis (OA) is generally considered to be
an uncommon entity and a sequela of trauma. However, in the
course of evaluating total body burden of OA by bone scintigra-
phy, we noted an unexpected prevalence of ankle scintigraphic
abnormalities (ASAs) in the Prediction of osteoarthritis Progres-
sion (POP) knee OA cohort. Our goal has been to evaluate the
relationship of knee based parameters to ipsi- and contralateral
ankle symptoms and ASAs.
Methods: Participants in the POP study (n=159; 118 female, 41
male; mean age 64 years), met ACR criteria for knee OA and
had Kellgren-Lawrence (KL) grades 1-4 radiographic OA in at
least one knee. Late phase scintigraphic uptake (at 2.5 hours
post injection) of technetium-99m methylene diphosphonate was
scored semi-quantitatively as normal to severe (graded 0-3) in
the medial (M) and lateral (L) ankle joint. Ankle symptoms were
assessed from a menu of “joints that bothered you in the past
year”. Self reported ankle or forefoot injury was recorded in a
general medical history. Knee alignment was measured from a
long-limb radiograph; 180° was considered neutral. Radiographic
knee joint space narrowing and osteophytes were scored semi-
quantitatively for the medial and lateral compartments on a 0-3
scale. Generalized linear models (GenMod in SAS) were used
to control for within subject correlation of lower limb data.
Results: A total of 17% of ankles (159 subjects) were symp-
tomatic in the previous year, and 12% of subjects reported
ankle symptoms bilaterally. Scintigraphic abnormalities occurred
in 22% of ankles and 52% when both ankle and or forefoot were
considered. Isolated medial ankle joint uptake was the most
common (10.4%) pattern followed by isolated lateral (5.7%) and
combined medial and lateral (6.0%) uptake. A symptomatic ankle
had a 2.31 increased odds of ASA (p=0.004), before and after
controlling for symptoms of the contralateral ankle. Body Mass
Index was associated with both ankle and forefoot bone scan
abnormality (p<0.0001). A history of ankle surgery or injury was
associated with a 6 fold increased odds of ASA (p<0.0001),
before and after controlling for injury of the contralateral an-
kle. Severity of malalignment was associated with contralateral
(p=0.02) but not ipsilateral ASA (p=0.29), before and after con-
trolling for contralateral knee malalignment; and the severity of
knee OA was also associated with contralateral (p=0.0007) but
not ipsilateral ASA (p=0.29), before and after controlling for con-
tralateral knee OA severity.
Conclusions: Foot and or ankle scintigraphic abnormalities are
common in this cohort with knee OA. Knee malalignment has
a direct association with ipsilateral knee OA but by contrast,
is associated with contralateral ankle abnormalities by bone
scintigraphy. Our data suggests that in addition to ankle trauma,
knee OA, in particular abnormalities of the contralateral extremity,
should be considered as potential risk factors contributing to
ankle OA.
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Purpose: Magnetic resonance imaging (MRI) technology has
proven to provide reliability and precision to assess cartilage
thickness/volume changes in vivo especially in the knee joint. In
the hip, however, due to a number of obstacles including a lack
of appropriate MRI acquisition protocol, there have been very
few investigations. To date no systematic method has proven
capable of accurately and reliably measuring hip cartilage thick-
ness/volume or discriminating acetabulum from femoral head
cartilage for the entire joint. This study aims at the development
of a quantitative measurement system that can achieve that goal.
Methods: A novel MRI acquisition protocol using radial slice
acquisition was developed. This technique allows for the or-
ganization of 2D MRI acquisition planes around a virtual axis,
passing through the fovea and the centre of the femoral neck.
The MRI protocol used a 2D multiple echo data image combina-
tion, MEDIC, with water excitation which has already proven its
efﬁcacy for cartilage enhancement. Cartilage boundaries were
segmented with a semi-automated method based on 3D active
contours, resampled and parameterized into distance maps us-
ing a local spherical coordinate system. The assessment of the
reliability was determined by i) the differences between the read-
ings of the same image by a reader 4 weeks apart (test-retest),
and ii) the differences between the readings obtained from two
MR images of the same hip acquired a few hours apart (patient
positioning reliability).
Results: Distance maps of bone and cartilage of the acetab-
ulum and femoral head were evaluated separately, from which
cartilage volume and thickness maps were computed. A seg-
mentation based bone registration method was used allowing
for longitudinal studies. Moreover, the newly developed system
permits further automatic anatomical labeling with the focal eval-
uation of cartilage volume/thickness in predeﬁned hip subregions
consisting of the anterior, superior, posterior and inferior areas
of both the femoral head and the acetabulum. A cohort of 9
individuals, including 1 healthy volunteer and 8 osteoarthritis
patients, was used for the reliability measurement. For a map
resolution of 0.25×0.25 mm2, the average thickness/volume was
1.1±0.1 mm/4139±1212 mm3 for the acetabulum and 1.0±0.1
mm/3966±1284 mm3 for the femoral head. The cartilage volume
test-retest reliability of within-reader showed Pearson correlation
coefﬁcients of 0.973 (p<0.0001) for global cartilage anatomi-
cal sites. Patient positioning reliability was also excellent with a
Pearson correlation coefﬁcient of 0.983 (p<0.0001).
Conclusions: This system is the ﬁrst to allow quantitative as-
sessment of cartilage thickness/volume in the human hip and
